Opioid analgesics are the cornerstone of moderate to severe cancer pain management, and do not have ceiling doses unless unmanageable adverse effects occur. Oral, short-acting pure μ agonists such as morphine are most frequently used, but other agents and administration formulations allow finding the right opioid and dose for most patients. In addition, clinicians must understand the metabolism, pharmacokinetics, and elimination of particular drugs to individualize opioid selection, select initial doses, and appropriately escalate doses to satisfactory pain relief or uncontrollable toxicity. Anticipation and proactive management of possible adverse effects, particularly constipation, confusion or delirium, opioid-specific adverse effects, and opioid abuse, are also integral to primary and secondary prophylaxis and management.
O pioids-mu (μ) agonists and buprenorphine-are essential for managing moderate to severe cancer pain. They have no analgesic ceiling, and doses can usually be escalated to pain relief without unmanageable side effects. Key strategies are to individualize opioid doses and schedules, weigh benefits and burdens, and anticipate possible adverse effects with an eye toward prophylaxis and effective, timely management.
The first part of this series on cancer pain management addressed nonopioid analgesics. It can be found in the July/August 2017 issue of JAD-PRO, or on advancedpractitioner.com
OPIOID METABOLISM AND PHARMACOLOGY
Opioids activate the endogenous pain-modulating system of opioid peptides (e.g., enkephalins, endorphins, and dynorphins) and spinal cord and brain receptors (μ, kappa [κ] , and delta [δ] ) to alter pain perception (Branford, Droney, & Ross, 2012; Lam, Pirrello, & Ma, 2016; Pasternak, 2014) . The μ agonists also indirectly modify descending spinal cord inhibitory pathways (Pathan & Williams, 2012) .
Metabolism biotransforms some drugs to intermediate metabolites, which are potentially more potent than a parent drug, or to inactive (and possibly toxic) Among the remedies which it has pleased Almighty God to give to man to relieve his sufferings, none is so universal and so efficacious as opium."
Thomas Sydenham
Physician 1680 metabolites, which all must be detoxified and excreted (Table 1) . Some unchanged opioids act at receptors, but most must be metabolized to active forms (Mercadante, 2015; Smith, 2011) . During phase 1 metabolism, cytochrome P450 (CYP) enzymes modify opioids, largely by hydroxylation or oxidation. Almost 50% of drugs are metabolized by CYP3A4 and have the highest risk for drug-drug interactions, and 25% are metabolized by CYP2D6 enzymes and have an intermediate risk for drug-drug interactions. This risk is minimal with drugs that undergo phase 2 metabolism, most commonly by uridine diphosphate glucuronosyltransferase (UGT) 2B7 glucuronidation, which conjugates drugs or metabolites to hydrophilic, excretable products. Age, disease, genetic factors, and route of administration may also alter metabolism, distribution, half-life, and excretion (Bosilkovska, Walder, Besson, Daali, & Desmeules, 2012; Brant, 2010) . All CYP genes are highly polymorphic, but CYP2D6 is of particular interest because polymorphisms directly or indirectly affect the pharmacokinetics of half of all drugs (De Gregori et al., 2016) . More than 100 CYP2D6 allelic variants (Ingelman-Sundberg, n.d.) fall into 4 phenotypic groups. Most people are extensive metabolizers (EMs) with two functional alleles, or intermediate metabolizers (IMs) with one functional and one nonfunctional allele. Fewer are poor metabolizers (PMs), who have defective metabolism secondary to inactivating mutations or deletions of both alleles, or ultrarapid metabolizers (UMs) who express multiple copies of greater-than-normal function enzymes (Gudin, Fudin, & Nalamachu, 2012) .
The clinical significance for PMs and UMs depends on whether the parent drug or metabolite is analgesic (Figure 1 ). Codeine and tramadol are prodrugs that CYP2D6 metabolizes to active analgesics; PMs attain no or poor relief, and UMs have a high risk for toxicity (Enggaard et al., 2006; Kirchheiner et al., 2007; Leppert, 2011; Mercadante, 2015) . Polymorphisms in other genes, such as UGT2B7, genes for μ receptors, and opioid transport proteins may also affect analgesia (Branford et al., 2012; Nalamachu, 2012; Tremblay & Hamet, 2010; Trescot & Faynboym, 2014) .
WHICH OPIOID ANALGESIC TO PRESCRIBE?
Some clinicians start opioid-naive patients with moderate pain on a "weak" oral (po) opioid: codeine, hydrocodone, or tramadol with or without acetaminophen (APAP). Others prescribe a small dose of a "strong" opioid: po morphine at 5 to 15 mg or the equivalent every 4 hours, eliminating the need to switch opioids if the pain worsens (Caraceni et al., 2012; Klepstad, Kaasa, & Borchgrevink, 2010; Marinangeli et al., 2004) . Formulations include po regular (IR) and sustained release (SR), rectal (pr), intravenous (IV), subcutaneous (SC), intramuscular (IM), transmucosal (TM), transdermal (TD), or intraspinal (IS).
Codeine (po [IR])
Codeine, a weak μ and δ agonist, may be less effective than a nonsteroidal anti-inflammatory drug (NSAID), and combinations with APAP are slightly better than APAP alone (Prescrire Editorial Staff, 2015) . CYP3A4 and UDT2B7 enzymes metabolize 80% of codeine to almost inactive metabolites, and CYP2D6 metabolizes 5% to 10% of this prodrug to morphine (Crews et al., 2012) . Although 77% to 92% of people are CYP2D6 EMs or IMs, PMs cannot metabolize codeine to morphine and derive no analgesia. Ultrarapid metabolizers rapidly and extensively convert codeine and may experience sedation, confusion, and shallow or slow respirations (PharmGKB, 2017) . Patients with renal failure should not take codeine (Kirchheiner et al., 2007; Smith, 2009) .
Tramadol (po [IR, SR])
Tramadol is a weak μ agonist and a serotonin and norepinephrine reuptake inhibitor (SNRI; Fukshansky, Are, & Burton, 2005; Prommer, 2015) . Tramadol with or without APAP is not superior to ibuprofen, hydrocodone, codeine, or low-dose morphine (Prescrire Editorial Staff, 2015; Tassinari et al., 2011) . It is a prodrug metabolized by CYP2D6; PMs achieve poor analgesia, and UMs experience toxicities. Respiratory depression is rare but most common in UMs or persons with renal dysfunction (Enggaard et al., 2006; Leppert, 2011; Orliaguet et al., 2014; Stamer, Stuber, Muders, & Musshoff, 2008) .
WICKHAM REVIEW CYP2D6 poor metabolizers and those with deficient serotonin (5-HT) uptake who take tramadol may be at risk for serotonin syndrome (SS), which begins within 24 hours of starting or increasing a 5-HT reuptake or CYP2D6 inhibitor (Beakley, Kaye, & Kaye, 2015; Houlihan, 2004; Leppert, 2009) . Table 2 outlines the manifestations of mild to life-threatening SS, which occur because serotonin accumulates at 5-HT receptors in the central nervous system (Wer- Note. po = oral; IR = immediate release; SR = sustained release; ER = extended release; SNRI = serotonin and norepinephrine reuptake inhibitor; TCA = tricyclic antidepressant; MAOI = monoamine oxidase inhibitor; conc = concentrate; IV = intravenous; SC = subcutaneous; M3G = morphine-3-glucuronide; H3G = hydromorphone-3-glucuronide, hERG = human ether-a-go-go-related gene; QTc = corrected QT; pr = rectal; NMDA = N-methyl-Daspartate; TD = transdermal; TM = transmucosal; IM = intramuscular. Information from Andresen et al. (2010) (Reichert et al., 2014) .
Tapentadol (po [IR, SR])
Tapentadol is a high-affinity μ, δ, and κ receptor agonist as well as a strong SNRI. It undergoes phase 2 glucuronidation and minor phase 1 CYP2D6 metabolism to inactive metabolites excreted in urine (Prommer, 2015) . Tapentadol studies were often limited by high dropout rates, missing data, and nonsuperiority to other opioids (Veal & Peterson, 2015; Wiffen, Derry, Naessens, & Bell, 2015) . A comparative US study confirmed tapentadol was associated with greater risks for hallucinations or delusions, respiratory depression, and coma, whereas large tramadol doses were associated with a greater risk for seizures (Tsutaoka, Ho, Fung, & Kearney, 2015) . Rare cases of SS have been reported with tapentadol, which is contraindicated for patients with hepatic or renal failure (US Food and Drug Administration [FDA] , 2016); Guay, 2009 ).
Hydrocodone (po [IR, SR])
Hydrocodone, classified as a "weak" opioid, is similarly effective (mg per mg) to morphine (Fukshansky et al., 2005) . Hydrocodone is metabolized by CYP2D6, but only the parent drug and one metabolite (hydromorphone) are analgesic, so CYP2D6 status likely has no major clinical significance (Barakat, Atayee, Best, & Pesce, 2012; Smith, 2011) . Prescriptions for hydrocodone formulated with ibuprofen or APAP (300 or 325 mg) must be exact (e.g., hydrocodone 10/325, # 120 [one hundred twenty]). There are two SR hydrocodone products; brand names must be prescribed because doses and schedules differ.
Morphine (po [IR, SR], IV, SC)
Morphine is a μ agonist with minor κ and δ agonist effects at high doses (Bosilkovska et al., 2012; Pathan & Williams, 2012) . Most morphine is metabolized by UGT2B7 (phase 2): 10% to morphine-6-glucuronide (M6G) and 50% to morphine-3-glucuronide (M3G; DePriest, Puet, Holt, Roberts, & Cone, 2015; Fukshansky et al., 2005) . M6G is a longer-acting, more potent μ agonist than morphine, but M3G cannot bind at opioid receptors and is not analgesic (Mercadante, 2015) .
Liver impairment does not impact dosing, but there is an inverse relationship between renal function and excretion. Morphine must be titrated cautiously when creatinine clearance is < 30 mL/minute to avoid M3G-related neurotoxic effects, which are more common with morphine than oxycodone to TD fentanyl or buprenorphine (Corli et al., 2016; Donnelly, Davis, Walsh, & Naughton, 2002; Portenoy & Ahmed, 2014; Smith, 2011) .
Oxycodone (po [IR, SR])
Oxycodone has lower binding affinity for μ receptors than does morphine (Olkkola, Kontinen, Saari, & Kalso, 2013) . Phase 1 metabolism results in noroxycodone, a weak agonist, and oxymorphone, which are excreted in the urine (Kalso, 2005) . Oxycodone has greater bioavailability and is less WICKHAM REVIEW likely than morphine to cause hallucinations, nausea, sleepiness, and pruritus (Caraceni et al., 2012; King, Reid, Forbes, & Hanks, 2011) .
Hydromorphone (po [IR, SR], IV, SC)
Hydromorphone, a μ and δ agonist, is structurally similar to morphine but more lipid soluble (Pigni, Brunelli, & Caraceni, 2010; Wirz, Wartenberg, & Nadstawek, 2008) . It is metabolized to minor metabolites and glucuronidated to hydromorphone-3-glucuronide (H3G), which has no analgesia but may be neurotoxic (Murray & Hagen, 2005; Smith, 2011; Vallejo, Barkin, & Wang, 2011) . Hydromorphone-3-glucuronide may accumulate with renal insufficiency and increase toxicity. Parenteral hydromorphone can be highly concentrated (≥ 100 mg/mL) and is useful for patients who require large-dose, small-volume continuous IV (CIV) or SC ambulatory infusions (Kumar & Lin, 2007) .
Oxymorphone (po [IR, SR], pr)
Oxymorphone is a complex, potent, highly selective μ receptor agonist. Immediate-release po doses are more useful for acute, moderate pain, whereas SR doses are preferable for severe, persistent cancer pain (Smith, 2009 ), but it is rarely used because of its high cost. Oxymorphone has higher μ-binding affinity and a longer half-life than morphine (Mayyas, Fayers, Kaasa, & Dale, 2010; Prommer, 2006) . With regular dosing, steady state occurs in 3 to 4 days. Oral oxymorphone is more lipophilic than oxycodone and morphine, and doses are rapidly absorbed from the gut to undergo extensive first-pass metabolism. Phase 2 hepatic and renal UGT2B7 glucuronidation results in major metabolites, 6-hydroxy-oxymorphone (6-OH-OXM), which is analgesic, and oxymorphone-3-glucuronide (OXM-3G), which has undefined properties (Prommer, 2006) . Oxymorphone has no clinically significant CYP interactions or common drug-drug interactions (Smith, 2009) , and up to 2% of the parent drug is excreted in the urine. Oxymorphone accumulates in renal failure (Gudin, 2012) .
Levorphanol (po)
Levorphanol, a μ, κ, and δ receptor agonist, is also an SNRI and N-methyl-D-aspartate (NMDA) antagonist (Pham, Fudin, & Raffa, 2015; Prommer, 2014) . N-methyl-D-aspartate receptors are activated in chronic pain; antagonists may alleviate pain unresponsive to opioids and reverse tolerance. Levorphanol is more potent than methadone and has few drug interactions but is expensive and rarely used since SR opioids became available (Gudin et al., 2016; McNulty, 2007) . Its long halflife (11-16 hours) means baseline doses should not be increased before steady state is reached (2-3 days). Table 3 shows the equianalgesic ratio of levorphanol (and methadone) to morphine varies by dose (Loitman, 2011) . Phase 2 metabolism results in inactive metabolites excreted in urine. Hepatic or renal insufficiency may result in neurotoxic metabolite accumulation, dictating extended dosing intervals (Pham et al., 2015) .
Methadone (po)
Methadone is a low-cost potent, lipophilic μ agonist, SNRI, and NMDA antagonist that has high oral and rectal absorption, long duration of action, and no neurotoxic metabolites (Davis & Walsh, 2001; Mercadante, 2015; Prommer, 2015; Smith, 2011) . Highly variable pharmacokinetics complicate the use of methadone: the half-life averages 24 hours but ranges from < 15 to > 130 hours (Portenoy & Ahmed, 2014) . Methadone is primarily metabolized by CYP3A4 and CYP2B6; as a CY-P2D6 inhibitor, it may block metabolism and increase accumulation (Trescot & Faynboym, 2014) . Usual dosing intervals are 8 or 12 hours, along with short-acting rescue (as needed [prn] ) opioid doses (Ripamonti, Santini, Maranzano, Berti, & Roila, 2012) . Collaborating with other colleagues to change a patient from another opioid to methadone enhances knowledge, clinical skills, and patient safety (Fine & Portenoy, 2009 ).
Fentanyl (TD, IV)
Fentanyl is a rapid-onset, lipophilic μ agonist 50 to 100 times more potent than morphine (Pathan & Williams, 2012) . Continuous or repeated dosing (TD or IV administration) increases its half-life redistribution and accumulation to muscle and fat (DePriest et al., 2015) . Concomitant administration with strong CYP3A4 inhibitors (e.g., clarithromycin, ketoconazole, itraconazole, and grapefruit juice) may affect its metabolism (Fukshansky et al., 2005) . Although more than 90% of fentanyl and its metabolites are excreted in the urine, it is safe for patients with renal dysfunction.
Buprenorphine (TD, IV, IM)
Buprenorphine is a lipophilic μ receptor agonist opioid with no analgesic ceiling, a partial agonist (ceiling) for respiratory depression, and a κ receptor antagonist (Clemens, Faust, Jaspers, & Mikus, 2013; Pergolizzi et al., 2010; Virk, Arttamangkul, Birdsong, & Williams, 2009) . It is 25 to 50 times more potent than morphine, and high affinity binding/slow dissociation from μ receptors allows buprenorphine to displace other agonists from the μ receptor, which may overcome opioid dependence and decrease tolerance (Prommer, 2015) . It has antihyperalgesic effects, possible efficacy for neuropathic pain, low rates of constipation (1%-5%), and minimal endocrine effects. Buprenorphine undergoes phase 1 metabolism to norbuprenorphine and secondary phase 2 glucuronidation. It is safe for patients with mild to moderate liver dysfunction, but severe liver dis- (Khanna & Pillarisetti, 2015) . Only 10% to 30% is excreted in the urine, so buprenorphine is safe for patients with renal impairment, even for those undergoing dialysis (Davis, 2012) .
ADVERSE EFFECTS OF OPIOIDS
An effective opioid and dose for one patient may cause dose-limiting adverse effects for another patient. This highlights the importance of patient teaching, follow-up assessment, and proactive management (summarized in Table 4 ).
Prolonged Cardiac Repolarization
Prolonged QT interval (QTc) is a rare, potentially serious adverse effect of methadone and other drugs that can block human ether-a-go-go gene (hERG)-related potassium ion channels and alter cardiac repolarization (Krantz, Martin, Stimmel, Mehta, & Haigney, 2009 ). The normal QTc-measured from the start of the QRS to the end of the T wave-is < 450 milliseconds (ms) in women and < 430 ms in men; prolonged QTc is > 470 ms and > 450 ms, respectively. Methadoneinduced long QTc (> 500 ms) is dose-related, asymptomatic, and usually resolves spontaneously. It rarely progresses to palpitations, syncope, seizures, torsades de pointes (torsades; a ventricular tachycardia), or sudden cardiac death (Isbister, 2015; Portenoy & Ahmed, 2014; Stringer, Welsh, & Tommasello, 2009) .
The incidence of long QTc is undefined. One prospective study identified it in 4.6% of 173 individuals receiving maintenance methadone ≥ 120 mg/day (and none taking buprenorphine); mortality was merely 0.06 per 100 patient-years (Anchersen, Clausen, Gossop, Hansteen & Waal, 2009). Consensus-based guidelines (Table 5 ) address concerns and aid prescribing methadone (Chou et al., 2014) .
Drug-induced long QTc is twice as common in blacks as in whites or Hispanics (Manini, Stimmel, & Vlahov, 2014) . Other strongly related risks include demographic factors (age > 65 years, female gender, and smoking), cardiovascular problems (ischemic cardiomyopathy, hypertension, and arrhythmia), electrolyte disturbances (hypokalemia and hypocalcemia), and cardiovascular and other list 1 drugs (CredibleMeds, 2017; Vandael, Vandenberk, Vandenberghe, Willems, & Foulon, 2017) . CredibleMeds categorizes drugs in three lists: (1) known risk of torsades (e.g., antiarrhythmics, antibiotics, antidepressants, antipsychotics, anticancer agents, methadone, and ondansetron); (2) possible risk; or (3) conditional risk. Vandael and colleagues (2017) found no relationship between prolonged QTc or torsades and lists 2 or 3 drugs. Buprenorphine is a CredibleMed list 2 drug (possible risk), and others have characterized QTc increases as modest (< 10 ms) and almost irrelevant (Darpo et al., 2016; Keller, Ponte, & Di Girolamo, 2010) . Package inserts list a concern about hERG-related torsades (Purdue Pharma, 2017), but only 10 cases of torsades in people receiving buprenorphine (along with other drugs associated with torsades) were reported to the FDA over 19 years (Kao, Haigney, Mehler, & Krantz, 2015) . Furthermore, the lowest European TD dose exceeds the highest recommended US dose (35 vs. 20 mcg/hour) with no more reports of long QTc or torsades. There are rare reports of hERG-associated prolonged QTc (but not torsades) with other opioids, including oxycodone overdose and tramadol in patients with renal failure (Berling, Whyte, & Isbister, 2013; Keller et al., 2016) .
Constipation
Opioid-induced constipation (OIC) occurs because of binding to gastrointestinal (GI) tract opioid receptors and slows motility with fewer, harder bowel movements (BMs; Brock et al., 2012) . Exacerbating factors include disease or metabolic problems (e.g., hypercalcemia or diabetes), other drugs (e.g., anticholinergic agents or iron), low physical activity, and inadequate fluid intake (Cherny et al., 2001) . Nondrug measures, fiber, or stool softeners cannot prevent or treat OIC, and prophylaxis with a stimulant or osmotic laxative, titrated to comfortable BMs, is crucial (Clemens et al., 2013; Wickham, 2017) . Gastrointestinal opioid receptor antagonists (e.g., methylnaltrexone) are indicated only if other laxatives are ineffective and OIC is the only cause of constipation (Rauck, 2013) .
Drowsiness or Sedation
Initial opioid-related sedation may be beneficial if it allows restful sleep, but safety is a concern until tolerance develops, usually in 3 to 7 days with short-acting opioids. Psychostimulants may counteract persistent sedation and cognitive impairment and enhance analgesia, but evidence is limited (Caraceni et al., 2012; Mercadante, 2016; Portenoy & Ahmed, 2014; Webster, Andrews, & Stoddard, 2003) . Methylphenidate, modafinil, or dextroamphetamine are commonly recommended and have narrow therapeutic indices. They may induce anorexia, tremor, hallucinations, delirium, or psychosis (Cherny et al., 2001) . Methylphenidate also has a rapid-onset antidepressant effect in terminally ill individuals (Prommer, 2012) .
Opioid-Induced Delirium
Opioid-induced delirium (OID) is most common in patients starting tramadol or morphine, but it occurs with other opioids (Corli et al., 2016; Sivanesan, Gitlin, & Candiotti, 2016) . About 10% to 15% of patients experience OID, possibly with visual hallucinations, altered mood, and drowsiness Patients may experience other features of delirium, such as disorientation, impaired memory, and nightmares or vivid dreams. Delirium is often multicausal and worsened by other drugs (benzodiazepines, antidepressants, steroids, and anticholinergic agents), sepsis, organ failure, dehydration, or brain metastases (Chowdhury & Board, 2009) . It is easy to miss mild confusion, and patients who feel "crazy" and upset typically do not volunteer such information. However, 74% remember delirium after recovery (Bush & Bruera, 2009 ).
Baseline and subsequent mental status assessment is essential. The Confusion Assessment Method (CAM) is a brief, free to use, sensitive clinical tool to aid rapid identification (Wei, Fearing, Sternberg, & Inouye, 2008) . Alternately, the day after starting a new opioid, routinely ask patients about feeling confused or having vivid dreams, nightmares, or visual hallucinations (Sivanesan et al., 2016) . Switching to a different opioid is a practical and effective intervention for more than 80% of patients (Mercadante, 2016) . Other clinicians start haloperidol at 2 mg/day and titrate against delirium or to adverse effects (Vella-Brincat & Macleod, 2007).
Nausea and Vomiting
Nausea (N) or vomiting (V) can occur with new opioids secondary to decreased GI motility, chemoreceptor trigger zone stimulation, or vestibular apparatus activation and often resolves in 1 or 2 weeks (Cherny et al., 2001; Porreca & Ossipov, 2009) . A dopamine antagonist (prochlorperazine or haloperidol) or metoclopramide is a first-line antiemetic, and serotonin antagonists (e.g., ondansetron) are second-line options. Opioid rotation is appropriate for intractable N and V (Caraceni et al., 2012).
Hypogonadism
Up to 90% of those taking opioids for chronic pain develop dose-related hypogonadism. Opioids bind to receptors in the hypothalamus, pituitary, and testes, leading to downstream decreases in sex hormones, adrenal androgen, cortisol, and testosterone (Brennan, 2013; Buss & Leppert, 2014) . Net effects are amenorrhea in women or erectile dysfunction in men, decreased libido, vasomotor instability, infertility, muscle loss and corresponding visceral fat increase, and fatigue (De Maddalena, Bellini, Berra, Meriggiola, & Aloisi, 2012; Katz & Mazer, 2009) .
Opioids also bind to osteoclast receptors, accelerating bone loss and reducing bone formation. Although more common in women, almost half of all men with chronic opioid intake develop osteoporosis (Brennan, 2013) , so bone density should be monitored in patients taking doses equivalent to morphine ≥ 100 mg/day, especially in patients with other risks for osteoporosis and fractures. If the benefits outweigh the risks, testosterone re- » Review pain-management goals, analgesic alternatives, possible adverse effects and ways to reduce/manage with patient » Plan to monitor therapy and adjust doses • 3-5 days after starting methadone or increasing dose: patient assessment, face-to-face or by phone, for adverse events
Note. QTc = corrected QT; ECG = electrocardiogram. Information from Chou et al. (2014) .
placement may help men whose free and bound serum testosterone is < 300 ng/dL (Portenoy & Ahmed, 2014) . Clinical findings may identify women who could benefit from androgen replacement with over-the-counter dehydroepiandrosterone (DHEA; Colameco & Coren, 2009 ).
Respiratory Depression
Dahan, Aarts, and Smith (2010) reviewed multiple meta-analyses and clinical reports of patients receiving parenteral or epidural opioids for cancerrelated, traumatic or postsurgical pain. They concluded that up to 0.5% of such patients experience opioid-induced respiratory depression (OIRD). Opioid-naive patients with acute pain are at the greatest risk in the first 24 hours after starting short half-life opioids, which can continue until steady state occurs, and risk largely resolves within 1 week (Pasero & McCaffery, 2011) . Pain is usually an "antidote" for OIRD, but obese or elderly patients who snore (indicator of some airway obstruction) are at greater risk (Donnelly et al., 2002) . Unexpected sedation in opioid-tolerant patients warrants exploration of other possible causes (e.g., sepsis, benzodiazepines, or hypercalcemia). Profound sedation precedes and accompanies OIRD; a sleeping, easily arousable patient who is not cyanotic does not have OIRD, whereas a sedated person with a low respiratory rate or shallow respirations and pinpoint pupils may (Pasero & McCaffery, 2011) . Management begins by holding opioids and continuously stimulating the patient. If wakefulness does not increase, naloxone should be administered with extreme caution because of the risks for dangerous and life-threating adverse effects, especially in hypovolemic or hypotensive patients (Donnelly et al., 2002) . Naloxone is a competitive μ receptor antagonist that induces dose-related agonist dissociation within 1 minute. Rapid IV doses cause massive catecholamine release with associated pulmonary edema, cardiac arrhythmia, hypertension, seizures, and even cardiac arrest-and immediate return of pain . Each 0.4-mg ampule is admixed with saline to a volume of 10 mL; 0.5 to 1.0 mL is administered over 1 to 2 minutes while the patient's cardiorespiratory status, level of consciousness, and pain are monitored.
Management of OIRD with buprenorphinewhich is even rarer-is different because of its strong affinity/slow dissociation from μ receptors. The naloxone-buprenorphine dose response is bell-shaped: naloxone at 0.5 mg has little effect on OIRD but at 2 mg fully reverses OIRD within 40 to 60 minutes; however, naloxone at > 5 mg decreases the respiratory antagonist effect. A bolus of IV naloxone, 2 or 3 mg slowly administered, should be followed by CIV naloxone at 4 mg/hour given until symptoms completely reverse Pergolizzi et al., 2010) . Opioid-induced respiratory depression from higher buprenorphine doses requires longer infusions.
Hyperalgesia
Opioid-induced hyperalgesia (OIH)-poorly defined pain spreading beyond the initial site-occurs rarely in patients taking high opioid doses, especially with rapid dose escalation (Youssef, Pater, & Shehata, 2015) . Opioid-induced hyperalgesia may involve spinal cord processes including activation of NMDA receptors, dynorphin activation of κ and NMDA receptors, descending pathway facilitation and sensitization of neuronal on cells that modulate transmission of painful stimuli, and decreased reuptake of nociceptive neurotransmitters. Management may be difficult and timeconsuming, usually starting by rotation to another opioid and possibly adding an NMDA antagonist (e.g., IV ketamine, methadone, or buprenorphine) trial (Yi & Pryzbylkowski, 2015) .
Prescription Opioid Abuse
Strategies to decrease opioid abuse include opioid safety contracts and prescription drug monitoring programs (PDMPs). An opioid safety contract might articulate how and when the patient will take opioid analgesic(s), mention keeping opioids in a lockbox, include an agreement to get prescriptions from one provider, and perhaps list recreational substances (e.g., marijuana) that will or will not be allowed (Barclay, Owens, & Blackhall, 2014) . Related strategies include dispensing smaller opioid amounts (1 week supply); pill counts; and involving social workers, psychiatrists, and other professionals in substance abuse, pain medicine, or palliative care (Portenoy & Ahmed, 2014) . High-risk patients might be WICKHAM REVIEW monitored with random urine drug tests (UDTs) for illicit drugs, opioids not prescribed, and absence of prescribed drugs. Disadvantages are possible, such as inaccurately negative UDTs in rapid metabolizers taking prescribed opioids, an inability to determine drug serum concentration, and urine pH (Nafziger & Bertino, 2009; Trescot & Faynboym, 2014) .
A vital resource for prescribers is their state's PDMPs, which are fully or partially operational in the District of Columbia and in all states except Missouri. Prescription drug monitoring programs are online databases of controlled substances and other drugs with misuse or abuse potential (National Association of Boards of Pharmacy, 2017). Within 3 days of dispensing a defined medication, a pharmacist enters basic patient and drug information into the PDMP database, which is accessible to authorized health-care practitioners or designated assistants, pharmacists, regulatory boards, and law enforcement agencies. Clinicians can readily review patients' prescription drug histories before writing a new or renewed opioid analgesic prescription, and those near a state border can also access a nearby state PDMP.
EFFECTS OF ROUTE OF ADMINISTRATION
Oral and pr opioids are directly absorbed from the GI tract into the hepatic circulation, undergo extensive first-pass metabolism, and have lower bioavailability than drugs given by other routes. Hydrophilic opioids (morphine, oxycodone, and hydromorphone) absorb slowly across the GI mucosa, cell membranes, and the blood-brain barrier, whereas lipophilic drugs (fentanyl, methadone, and buprenorphine) diffuse more rapidly. The route of administration also influences onset, peak level (C max ), and duration of analgesia (Hoskin et al., 1989) . Drugs distribute to serum, organs (e.g., lungs, kidneys, liver, and skeletal muscle), proteins, and fat. As Figure 2 shows, peak serum levels (C max ) occur approximately 45 to 80 minutes after po or pr, 20 to 40 minutes after SC, and 6 to 20 minutes after IV opioid doses (Collins, Faura, Moore, & McQuay, 1998; Poyhia, Seppala, Olkkola, & Kalso, 1992; Stuart-Harris, Joel, McDonald, Currow, & Slevin, 2000) . If pain is not adequately relieved within these times, prn rescue doses can be given every 2 hours for po doses, 45 minutes for SC doses, and 20 minutes for IV doses (Prommer, 2015) .
Oral opioids are easiest to administer, whereas pr dosing is limited to short-term use in patients without po intake (e.g., dying at home). Intravenous dosing is advantageous for patients who require rapid dose escalation, have GI obstruction or unrelenting nausea, or when large po doses are impractical (Prommer, 2015) . The bioavailability of SC opioids is about 78% of IV doses, but IM doses are variably absorbed, painful, and generally discouraged (Kumar & Lin, 2007) . Persons taking adequate doses at appropriate intervals around-theclock (ATC) reach steady state-the point when the amount of opioid excreted between doses approximates the amount added by subsequent doses-in 4 to 5 half-lives; it takes about 24 hours for morphine, oxycodone, hydrocodone, or IV fentanyl but several days for methadone, levorphanol, or TD opioids (Pasero & McCaffery, 2011; Portenoy & Ahmed, 2014) . Scheduled baseline doses should be titrated upward only after steady state is reached, but prn doses of a short-acting opioid-10% to 15% of the current 24-hour opioid dose-should always be permitted for uncontrolled pain.
Baseline scheduled plus prn doses per 24 hours, current pain intensity, and any adverse effects are considered in dose increases (or decreases). Sustained release and TD opioids, which are best for patients with satisfactory analgesia, decrease serum opioid fluctuations, extend analgesia, draw patients' attention away from pain and pill-taking, allow greater focus on "normal" aspects of life, and may enhance adherence (Rauck, 2009) . Conversely, opioids taken for longer than 2 weeks cannot be abruptly stopped, even if pain is suddenly relieved (e.g., after a neuroablative procedure) because of physical dependence. A slow, gradual dose taper by 25% to 50% every 2 to 4 days, while monitoring carefully for signs and symptoms of withdrawal, is recommended.
Transdermal Opioids
Transdermal fentanyl (TDF) or transdermal buprenorphine (TDB) may be an option for opioidtolerant patients with no po intake, to minimize pill-taking behaviors or to enhance adherence. Transdermal patches are formulated as a drug-con-CANCER PAIN MANAGEMENT: OPIOID ANALGESICS REVIEW taining reservoir (fentanyl) with a rate-controlling drug delivery membrane or as an adhesive polymer layer with a drug-incorporated matrix (fentanyl or buprenorphine) in which the drug amount controls delivery. Impaired skin integrity or heat (fever or a heating pad over a patch) can increase drug delivery with either TD system (Moore, Sathyan, Richarz, Natarajan, & Vandenbossche, 2012; Prodduturi et al., 2010) . Magnetic resonance imaging (MRI) may cause a burn beneath patches within a scanned area, and so patches should be removed before and reapplied after an MRI (Portenoy & Ahmed, 2014) . After first-patch application, a TD opioid slowly diffuses through skin layers, forming a "skin depot," and then absorbs into capillaries. Serum levels are measurable in 8 to 12 hours; TDF levels off at 24 to 36 hours, and TDB levels off at 36 to 48 hours (Andresen et al, 2010; Khanna & Pillarisetti, 2015; Kornick et al., 2001) . As-needed opioid doses by another route are necessary, especially until steady state. The skin depot effect is also important for 24 hours after TDF and for at least 30 hours after TDB is discontinued. Adverse effects do not resolve until TD opioid serum level falls to less than 50%.
Ways to switch to TD opioids, illustrated in Figure 3 , include manufacturers' recommendations (Janssen, 2017; Purdue Pharma, 2017) . With fentanyl, some clinicians use a "rule of thumb" or start IV fentanyl and then convert to TDF (Breitbart et al., 2000; Kornick et al., 2001; Nomura et al., 2011) . There are fewer reports of TDB for cancer-related pain.
In one study, 42 patients with chronic or cancer pain had poor analgesia or intolerable side effects with po opioids (morphine equivalent > 120 mg/day) were switched to TDB ≥ 52.5 mg/hour (Freye, Anderson-Hillemacher, Ritzdorf, & Levy, Figure 2 . Opioid pharmacokinetic peak serum levels by route of administration. They are representative curves (and durations of action), and actual curves would vary somewhat by drug lipophilicity. However, peak serum levels are highest and occur soonest with IV administration, and lower and later with SC, and then immediate-release po or pr administration. C max represents the highest drug serum level and is followed by a peak analgesic effect as the opioid crosses the blood-brain barrier and reaches CNS opioid receptors. Systemic circulation, particularly through the liver and kidneys, means continued metabolism and excretion of drug and/or metabolites. IV = intravenous; SC = subcutaneous; po = oral; pr = rectal; CNS = central nervous system. Information from Collins et al. (1998); Hoskin et al. (1989) ; Kalso (2005) ; Poyhia et al. (1992) ; Smith (2009); Stuart-Harris et al. (2000) .
WICKHAM REVIEW 2007). The proportion of patients who reported good/very good pain relief increased from 5% before to 76% after switching (p < .001).
A larger prospective multicenter study of 520 cancer patients with moderate to severe pain were randomly assigned to morphine SR, oxycodone SR, TDF, or TDB and followed for 28 days (Corli et al., 2016) . Pain decreases, numbers of responders, and safety profiles were similar among these opioids, leading the authors to conclude any one could be recommended as a first-line option for moderate to severe cancer pain. • > 50% will need larger TDF doses; using a 75-100:1 ratio is more practical.
Method 2
• Apply a clinical "rule of thumb" that estimates po morphine at 60 mg/day ≈ TDF at 25 μg/hr. Simplify 60:25 to 2:1 ratio (Breitbart et al., 2000) .
• The estimated conversion for a patient receiving morphine po at 90 mg/24 hr ≈ fentanyl 45 μg/hr.
• Rounded to the nearest TDF patch dose; starting TDF dose is 50 μg/hr.
Method 3
• Start with IV fentanyl and then convert to TDF (might be practical for hospitalized patients, even those with uncontrolled pain).
• Start with initial hourly fentanyl dose (25 μg by method 1 or 45 μg by method 2). Assume starting dose is fentanyl at 45 μg/hr. Give IV bolus of 45 μg (starting hourly dose to rapidly increase the serum fentanyl level), start infusion at 45 μg/hr. Calculate rescue dose (10% of the hourly dose = fentanyl at 5 μg).
• After 5 to 10 minutes, if the patient still has mild or greater (≥ 4) pain, give 5-μg rescue dose. Rescue doses can be repeated every 5 to 10 minutes as necessary, or each subsequent dose can be increased 50% until the patient reports pain < 4.
• After the patient reports satisfactory pain control for 12 to 24 hours, round the hourly dose to the nearest multiplier of 25 μg/hr. • Example: Assume the patient's optimal dose is 210 μg/hr; starting dose calculated as 200 μg/hr, so apply two 100-μg/hr TDF patches and maintain IV fentanyl at 210 μg/hr. • 6 hours later, decrease IV fentanyl by 50% (to 100-105 μg/hr).
• At 12 hours, discontinue IV fentanyl. • Taper the patient's current ATC opioid for up to 7 days to no more than morphine equivalent 30 mg/day before beginning TDB. Manufacturer states if 20 μg/hr does not provide adequate analgesia, consider alternate analgesic.
Buprenorphine
Note. This strategy would probably lead to increased pain. Initiating TDB for this patient, who may need 15 μg/hr, would be to start at 10 or 15 μg/hr and allow patient prn morphine doses of 15 mg. Consultation with a clinician experienced in using buprenorphine is recommended.
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Fine and Portenoy (2009) addressed researchbased manufacturers' recommendations for conversion from another opioid to TDF, which incorporated a safety factor. This conservative recommendation does not require a reduction in the calculated equianalgesic dose. Similarly, some patients have been switched to TDB using a 75:1 or lower ratio (Freye et al., 2007) .
Transmucosal Fentanyl
Transitory, breakthrough cancer pain (BTCP) episodes usually peak within a few minutes and last for about 30 to 35 minutes (Hagen, Biondo, & Stiles, 2008) . Oral morphine or oxycodone IR may be ordered, but they have low bioavailability (30%-50%) and do not provide meaningful pain relief for 30 to 45 minutes. On the other hand, TM fentanyl (TMF) products have more rapid onset, peak, and fall off.
One prospective study compared po morphine and sublingual TMF for BTCP in cancer patients (Rivera, Garrido, Velasco, de Enciso, & Clavarana, 2014) . Transmucosal fentanyl was superior to morphine in providing pain relief at 4 measurement times over 30 days, with significantly shorter times to effective doses (6.6 days vs. 13.3 days) and more dissatisfaction with morphine.
Clinicians must review TMF products to determine which might be best for their patients. Several oral (e.g., sublingual fentanyl citrate, sublingual tablets, sublingual spray, buccal soluble film, and buccal tablets) and intranasal TMF products (aqueous or pectin sprays) are similar but not exactly the same. For instance, sublingual TMF absorbs more rapidly than buccal because of differences in mucosal thickness, and 50% to 70% of some oral TMF products dissolve in saliva and are swallowed. The bioavailability of TMF products varies from as low as 30% to 89% with aqueous intranasal fentanyl spray because of high nasal mucosal vascularity and permeability (Corli & Roberto, 2014) . Time to maximal pain relief is 15 to 30 minutes with po and about 10 minutes with intranasal TMF (Zeppetella, Davies, Eijgelshoven, & Jansen, 2014) .
Manufacturers incorporate bioavailability data into their formulated doses, and different products are not directly interchangeable. No matter the baseline dose, experts recommend using the lowest TDF dose (any selected product) when starting TMF for breakthrough pain (Fine & Portenoy, 2009) . A first TMF dose that does not relieve pain within 15 minutes can be repeated once, and patients who use more than 4 doses a day may need a higher baseline opioid dose (Minkowitz, Bull, Brownlow, Parikh, & Rauck, 2016) .
OPIOID ROTATION
Possible reasons for switching a patient from one opioid to a different opioid include inadequate analgesia despite aggressive dose titration, dose-limiting adverse effects, clinical status change, serious drug-drug interactions, financial or drug-availability issues, or hyperalgesia (Fine & Portenoy, 2009 ). Clinicians use equianalgesia tables or algorithms for decisions about opioid rotation (Table 6 ), which are, at best, "ballpark" estimates of approximately equivalent doses. They are based on extrapolation from studies not designed to evaluate equianalgesia, and data are limited by wide confidence intervals and large standard deviations (Mercadante & Caraceni, 2011 ).
An ad hoc pain expert panel formulated guidelines for calculating doses of new opioids (Fine & Portenoy, 2009 ).
Step one recommends to always incorporate an automatic safety factor: a 25% to 50% reduction in a calculated WICKHAM REVIEW equianalgesic dose to account for incomplete cross-tolerance among opioids (Prommer, 2015; Ripamonti et al., 2012; Shaheen, Walsh, Lasheen, Davis, & Lagman, 2009 ). Inherent drug differences at μ receptors means 50% to 90% of patients who switched to a different opioid experience better pain control and fewer adverse effects (Fine & Portenoy, 2009; Mercadante & Bruera, 2016; Portenoy & Ahmed, 2014) . Patients need close monitoring for prn doses and perhaps rapid baseline dose escalation. If a patient is switching because of hyperalgesia, the patient's opioid dose before the onset of hyperalgesia should be used for the conversion ratio (Yi & Pryzbylkowski, 2015) .
The second recommended step is to consider any patient or drug characteristics that support further equianalgesic dose adjustment (Fine & Portenoy, 2009 ). For example, age, comorbidities, or treatment-related factors might be important, as well as direct or indirect drug issues, such as drug sensitivities, adherence, financial issues or third-party payment, or safety concerns. In particular, the relationship between methadone dose and potency is linear; when switching from a high dose of another opioid to methadone, the calculated methadone should be reduced by 75% to 90% (Mercadante & Caraceni, 2011; Shaheen et al., 2009 ). Conversely, reductions can be smaller with lower opioid doses. The mathematical calculation of equianalgesic doses is simple, but prescribers should collaborate with another professional colleague so each one independently calculates equianalgesic doses, double-checks calculations, and discusses incorporating safety factors to their rationale for new opioid dosing-all of which increase clinical skills and patient safety.
CONCLUSIONS
Opioid analgesics are one cornerstone of cancer pain management, the others being nonopioid analgesics, thorough baseline and timely reassessments, and interprofessional, patient-centered collaborative management that includes nondrug measures and interventions. Collaborative management, particularly calling upon the expertise of oncology pharmacists and the rich clinical experiences of other colleagues in fields such as palliative or supportive care, pain centers, physical therapy, and complemental therapies can enhance patient safety and quality of life, even for those with moderate to severe pain at any point along the cancer trajectory. In terms of opioids, this is especially relevant when using more unfamiliar drugs or prescribing higher doses than most patients require. Continuing education, clinical and didactic, will also help advanced practitioners make substantial and meaningful contributions to optimal pain management for individuals with cancer. l Disclosure Dr. Wickham has received consulting fees/honorarium from Insys Therapeutics, Inc.
